Determining the causes of variation in community assembly is a central question in ecology. Analysis of β-diversity can provide insight by relating the extent of regional to local variation in diversity, allowing inference of the relative importance of deterministic versus stochastic processes. We investigated the effects of disturbance timing on community assembly at three distinct regions with varying environmental conditions: Northern Portugal, Azores and Canaries. On the lower rocky intertidal, quadrats were experimentally cleared of biota at three distinct times of the year and community assembly followed for 1 year. Similar levels of α-and γ-diversity were found in all regions, which remained constant throughout succession. When Jaccard (incidence-based) and Bray-Curtis (abundance-based) metrics were used, β-diversity (the mean dissimilarity among plots cleared at the different times) was larger during early stages of community assembly but decreased over time. The adaptation of the Raup-Crick's metric, which accounts for changes in species richness, showed that the structure of assemblages disturbed at different times of the year was similar to the null model of random community assembly during early stages of succession but became more similar than expected by chance. This pattern was observed in all regions despite differences in the regional species pool, suggesting that priority effects are likely weak and deterministic processes determine community structure despite stochasticity during early stages of community assembly.
Introduction
The extent to which the structure of natural communities is determined by stochastic or deterministic processes is a central question in ecology. There has been strong debate regarding the relative importance of niche-based, deterministic, processes and neutral stochastic processes for community assembly (Hubbell 2001; Wootton 2005; Alonso et al. 2006; Dornelas et al. 2006 ). Attempts to reconcile niche and neutral perspectives argue that they act as two ends of a continuum between competitive exclusion and stochastic immigration (Gravel et al. 2006) , where both niche and neutral processes simultaneously influence the dynamics of competing species (Adler et al. 2007 ). It has also been shown that the relative importance of niche versus neutral processes can be scale-dependent, with the former becoming relatively more important at increasing spatial scales (Garzon-Lopez et al. 2014; Chase 2014) , as well as changing with the level of resources (e.g. productivity) (Chase 2010) .
Processes operating at different spatial scales interact to produce patterns of species distribution (e.g. Navarrete Communicated by Peter S. Petraitis.
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The online version of this article (https://doi.org/10.1007/s00442-017-4022-1) contains supplementary material, which is available to authorized users. et al. 2005) . In this context, measures of β-diversity, i.e. the variation in identities of species among sites or times (Anderson et al. 2011) , provide a link between scales, by relating the extent of regional and local variation in diversity (Whittaker 1960 (Whittaker , 1972 . β-Diversity can be a useful metric to understand patterns of species diversity across space and time, which can be driven by environmental conditions (e.g. Ellingsen and Gray 2002; Anderson et al. 2013) , biological interactions (e.g. Chase et al. 2009; Smith et al. 2009 ) and disturbance regimes (e.g. Chase 2007 ). Even though the study of β-diversity per se cannot be used to infer the mechanisms determining community structure, it can be used to infer the importance of stochastic (see Chase and Myers 2011 and references therein) and/or neutral (Tucker et al. 2016) processes, relative to niche-based processes for community assembly. Marine ecosystems are generally regarded as open, since most animals and plants have complex life-cycles, including an initial planktonic dispersing stage. The arrival of new individuals to adult habitats varies greatly both in space and time and is often independent of local adult abundances (Jenkins et al. 2009 ). In rocky intertidal ecosystems, early colonists of disturbed substrata tend to be opportunistic and fast-growing species that are available for colonisation throughout the year and generally include biofilms, foliose and filamentous algae belonging to genera such as Ulva, Polysiphonia, Ceramium, Ectocarpus (Jenkins and Martins 2010) . Ulva spp. release spores all year around and have high dispersal abilities (Norton 1992) , so that when space is freed, they are generally able to colonise. In contrast, late colonists tend to be more competitive perennial algae with more complex morphologies, as well as common invertebrates, such as barnacles and mussels. Many of these taxa have distinct reproductive periods, with propagules or larvae available in the water column only for short periods of time (Jenkins and Martins 2010) . As a consequence, the timing of disturbance has a large impact on patterns of species recruitment, because of seasonality in organisms' reproductive patterns (Dayton et al. 1984; Breitburg 1985; Sousa 1985; Benedetti-Cecchi and Cinelli 1993; Jenkins et al. 2005; Underwood and Chapman 2006; Martins et al. 2010) . This, in turn, may have long-lasting effects if the distribution and composition of communities is strongly dependent on events occurring early in succession (Berlow 1997; Petraitis and Latham 1999) . For instance, Benedetti-Cecchi (2000) showed that littoral rockpools could be dominated by either canopy-or turf-forming algae depending on the timing of disturbance. Canopy algae were the dominant species in rockpools when the timing of disturbance matched their peak of recruitment, thus highlighting the importance of priority effects. In other cases, however, post-settlement processes can completely erase the signal of dispersal or settlement and the structure of different adult assemblages, which vary in initial composition, converges (Caro et al. 2010) .
Here, we investigated, through analysis of the successional patterns following disturbance at different times of the year, the relative strength of stochasticity for the assemblage of rocky shore assemblages at three distinct regions of the Atlantic. By stochastic processes, we refer to the probability of propagule arrival at a given location or time, temporal variation in growth rates, etc. Note that although the underlying mechanisms determining the numbers of propagules available in the water column, at a given time and space, can be deterministic (e.g. seasonality in species reproduction), patterns of recruitment and mortality of post-settlement stages of marine organisms are often stochastic (e.g. Vadas et al. 1992, Underwood and Chapman 2006) . They reflect the interaction between multiple factors (e.g. variability in density of reproductive adults, variable patterns of currents, spatial variability in predators, and small-scale variability in environmental conditions), making predictions about patterns of colonisation complex and virtually impossible (see Vellend et al. 2014 , for further discussion of the point). In contrast, deterministic processes refer to those processes that reduce variability by exploiting and maximising niche differences among species (e.g. environmental filters, biotic interactions). Our prediction is that stochastic processes will be more important during early successional stages, reflecting variation in the match between the time resources (e.g. space) were made available (via experimental disturbances done at different times of the year) and variability in demographics of early colonisers. This will be depicted by significant variation in β-diversity (temporal dissimilarity) among assemblages disturbed at different times of the year. It should also be depicted by a similar pattern between the structure of these assemblages and those created by a null model of random community assembly. As succession proceeds, however, we hypothesise that niche-based processes (e.g. competition, environmental filtering) favouring the establishment of certain species will tend to lead to a deterministic signal, with the outcome of succession being invariant regardless of variability (or stochasticity) in early stages of community assembly. This will be detected by a reduction in β-diversity (temporal dissimilarity) with time among assemblages disturbed at different times of the year and divergence from the null model of random community assembly.
If niche-based processes prevail at later stages of community assembly, we can also investigate the role of historical contingency (priority effects) in determining community structure. Priority effects (or divergent selection) can be assessed by showing whether the variability generated during early successional stages of community assembly disturbed at different times of the year can lead to latersuccessional assemblages that are clearly distinct (preserving the stochastic signal) and are more diverse than expected by chance. In contrast, if priority effects are not important, biological interactions and environmental filtering will lead to a convergent selection resulting in assemblages that are less diverse than expected by chance.
Materials and methods

Study sites
The study was done on the lower shore, algal-dominated, rocky intertidal at three locations in each of three regions: Northern Portugal, the Azores and the Canary Islands. These three regions are all part of the Lusitanian province, but differ in latitude by 14°. Northern Portugal is a coldtemperate zone at the transition between the Atlantic and Mediterranean biogeographical regions (Lima et al. 2007; Tuya et al. 2012 ) and supports a highly diverse biota where many cold-and warm-water species have their latitudinal limits of distribution (Araújo et al. 2009 and references therein). The Azores are located at the transition between the temperate and subtropical regions, whereas the Canary Islands are located well within the subtropical region. The Northern Portugal and the Canary Islands are influenced by the Canary Upwelling System (Iberian system), one of the major upwelling regions in the world (see Santos et al. 2011 and references therein). The Canary Islands and the Azores are oceanic archipelagos belonging to the Macaronesia region. The two archipelagos differ in that the Canary Islands are considered a hotspot for biodiversity, whereas the Azores support a comparatively less diverse biota due to the high degree of isolation and recent geological age (Hawkins et al. 2000; Tuya and Haroun 2009) . Unlike the adjacent continental mass, oligotrophic oceanic waters (Martins et al. 2007 ) generally surround the Canary Islands and the Azores, although productivity can be occasionally high due to island effects (see Hernández-Léon 1988) , especially in the Canary Islands (see Table 1 in Martins et al. 2014 for environmental differences among these regions).
Study communities
In Northern Portugal, the lower shore was a patchy mosaic of algae dominated by coarsely branched algae (e.g. Osmundea spp., Dictyota spp.) or the leathery alga Bifurcaria bifurcata. The Azores and Canaries were dominated by articulated corallines (e.g. Ellisolandia elongata, Jania rubens) and algal turfs consisting of coarsely branched and filamentous (e.g. Palisada perforata, Chaetomorpha spp.) algae. At this shore level, animals present included Mytilus sp. and Sabellaria alveolata (only in Northern Portugal), chthamalid barnacles, gastropod molluscs (patellid limpets, trochid snails and muricid whelks) and sea urchins (Paracentrotus lividus).
Animals were, however, generally rare in our study sites at the chosen shore level.
Sampling design
At each location, a total of thirty 15 × 15 cm plots were haphazardly established on the lower algal-dominated shore in areas of gentle sloping, well-drained, bedrock. Plots were marked with stainless steel screws and plastic tags. Plots were then randomly assigned to two treatments: disturbed (15 plots) and control (15 plots). Disturbed plots were cleared of biota by chiselling and scrubbing off all visible biota and blow-torched afterwards. The size of disturbed plots (225 cm 2 ) is within the range of sizes of naturally disturbed patches observed in the rocky intertidal both in the Azores (Martins et al. 2013 ) and elsewhere (Airoldi 2003) . Control plots were left un-manipulated and are used as a surrogate for mature communities. To test the influence of disturbance timing, clearance of biota was carried out at three distinct times of the year (April, July and October of 2011). Five plots (of the 15 assigned to the disturbance treatment) were randomly assigned to each time. Disturbed plots were then visually inspected at 1, 3, 6, 9 and 12 months after disturbances. A different set of unmanipulated control plots (n = 5), out of those initially marked (n = 15), was also sampled when each set of disturbed plots reached 12 months (April, July and October of 2012).
Algae and sessile animals were quantified using the method described by Dethier et al. (1993) , where a score of 0-4 (0 being absence, 4 being full cover) was given to each taxon in each of the 25 subdivisions making up the sampling quadrat (15 × 15 cm). Rare species were marked as present and ascribed an arbitrary cover of 1%. Mobile animals (e.g. limpets) were counted as density of individuals. However, these were rare in our dataset and were not further considered in the analyses. All species were identified in situ to the lowest taxonomic resolution possible. Where in doubt, sample specimens were collected nearby and brought to the laboratory for latter identification.
Data analysis
We examined the effect of timing of disturbance on the structure of assemblages through succession (i.e. 1, 3 months, etc., following disturbance) among regions using a four-way PERMANOVA (Anderson 2001 ) with the factors: region (random, three levels), timing of clearance (random, three levels), location (random and nested within region, three levels) and successional month (fixed, six levels). The analysis was run using Bray-Curtis dissimilarities on the fourth-root transformed data. Canonical analysis of principal coordinates (CAP) was used to ordinate samples in a bidimensional space, but constrained by the interaction between time of clearance and successional month. For clarity, the data plotted are the centroids for each location. All analyses were done using PRIMER v6 + PERMANOVA add-on, Anderson 2001, Clarke and Gorley 2006) .
For each location, α-diversity of macrobiota was calculated as the average number of species pooled across the three disturbance timings (n = 15 per location) and γ-diversity as the total number of species.
To place these results in a global perspective, we investigated whether regional enrichment of local diversity varied with succession. This was addressed using the logresponse ratio effect size of regional-to-local diversity [ln(γ-diversity)/ln(α-diversity)]. The use of the ratio enabled us to measure the extent of regional pool influence on local diversity without any unknown bias stemming from inaccurately estimating regional species pool among regions and at different successional stages. Spatial and temporal variation in the response ratio was investigated using a two-way permutational ANOVA with the factors: region (random) and successional month (fixed). The analysis was run using Euclidean dissimilarities on PRIMER v6 + PERMANOVA add-on. When based on Euclidean distance, PERMANOVA is analogous to traditional ANOVA, while maintaining the flexibility and lack of assumptions of other non-parametric methods (Anderson 2001) . Prior to analysis, PERMIDSP was used to test for heterogeneity of variances and transformations were applied if necessary.
We then estimated β-diversity as the mean dissimilarity in the structure of assemblages disturbed at different times of the year using three metrics. Hence, in our study, β-diversity is a measure of temporal dissimilarity. We used the Jaccard's incidence-based dissimilarity metric to estimate temporal β-diversity (among disturbance timings) and the Bray-Curtis dissimilarity index to include an abundance-based metric. However, because most similarity (or dissimilarity) metrics are confounded by variation in local species richness, we further used the approach described by , which is an adaptation of the Raup and Crick's metric. This estimates the probability of the number of co-occurring species with species occurrences probabilities proportional to species frequencies (Raup and Crick 1979) . It estimates the probability that, in our case, time-to-time dissimilarity (β-diversity) is due to chance ). This metric is then used to determine the relative strength of stochastic versus deterministic processes for community assembly (Chase 2010; Chase and Myers 2011; Stegen et al. 2012 ). The metric is standardised between − 1 and 1, where − 1 indicates that communities are more similar than expected by chance, 1 indicates communities are more dissimilar than expected by chance, and 0 indicates communities that do not differ from random expectation. The Jaccard and Bray-Curtis dissimilarities were calculated using PRIMER v6. For the Raup-Crick, we used the code provided in to perform all the analyses. For each of the above three metrics, β-diversity was calculated as the mean dissimilarity between disturbance timings by averaging all the possible combinations among quadrats disturbed at different times of the year, separately for each location and successional stage (n = 75). For controls, we similarly calculated the mean dissimilarity between different sampling times by averaging all the possible combinations among undisturbed quadrats sampled at different times of the year. This yielded a total of three values per region and successional stage, which were used to test variation in the effect of disturbance timing at different successional stages and among regions using a two-way permutational ANOVA (as described above). In our study, β-diversity is thus a measure of temporal dissimilarity among quadrats disturbed (or sampled in the case of controls) at different times of year, calculated separately for each location and plot age. Note also that, as for the estimates of α-and γ-diversity, β-diversity metrics were calculated separately for each successional stage; the rationale being that only a subset species of the regional species pool can de facto colonise disturbed patches at any given time (early vs. late-successional species).
We have then used the approach of Hillebrand et al. (2017) to investigate the relative importance of changes in species composition (SER r ) and abundances (SER a ) for assemblage turnover through succession. SER r and SER a were calculated for each quadrat at successive sampling times. Spatial and temporal variation in SER r and SER a was then analysed separately using a four-way permutational ANOVA as described above.
Results
For the overall study, we found a total of 115 species; 58 in Northern Portugal, 52 in the Canary Islands and 48 in the Azores. Of these, 36 species were exclusive to Northern Portugal, 26 to the Canary Islands and 20 to the Azores; 33 species were present in at least two regions, whilst only 10 species were shared among all regions. Assemblage structure varied significantly with time of clearance (TC) and successional month (SM) at both regional spatial scales (P = 0.001 for region × TC × SM interaction) and local spatial scales (P = 0.001 for location nested in region × TC × SM interaction, see Online Resource 1). Inspection of pair-wise comparisons (see also Online Resource 1) showed that time of clearance had a significant (P < 0.05) effect on the structure of assemblages, especially during early stages of community succession. The duration of these effects (how long into the successional stage they were apparent) appears to have decreased with latitude, lasting longer in Northern Portugal (effects of timing of clearance were detected up to 9 months after clearance) and less in the Canary Islands (effects of timing of clearance could not be detected 3 months after clearance) (Fig. 1) . Although the time of clearance had a significant effect on early assemblage structure, such effects were entirely absent (P > 0.05 in all cases) for all regions 12 months after disturbance (Fig. 1, see Online Resource 1). The largest source of variability was associated with the factor regions (39%, see coefficients of variation in Online Resource 1), highlighting the substantial variation in assemblage structure among these.
The log-response ratio effect size of regional-to-local diversity did not differ significantly among regions or throughout succession ( Fig. 2 ; see Online Resource 2 for ANOVA table), indicating that the rate of species additions or losses at regional and local scales was similar among regions and succession and was not a confounding factor in beta diversity analyses below. It also suggests that changes in species richness (gains and losses) at smaller and larger spatial scales through succession are not dissociated.
When using the Jaccard's metric (which does not account for variation in α), variation in β-diversity among disturbance timings (mean dissimilarity among quadrats disturbed at different times of the year) differed significantly among successional stages (time after clearance) and consistently among regions (no interaction) (Table 1) . Overall, variation in β-diversity among disturbance timings tended to decrease with succession, i.e. assemblages disturbed at different times of the year became increasing similar with time (Fig. 3) . When using the Bray-Curtis' metric (which does not account for variation in α, but includes abundance data), there was a significant interaction between region and successional month (Table 1) . Inspection of pair-wise comparisons (not shown) and Fig. 3 showed that the response of β-diversity (dissimilarity among disturbance timings) to succession was variable and specific for each region, when accounting for species relative abundances. In other words, timing of disturbance not only influenced the identities of species, but also their abundances during community recovery, but the response was highly variable among regions.
When using the modified Raup-Crick metric (which accounts for variation in α), variation in β-diversity among disturbance timings was significant among successional stages, but this pattern was consistent from region to region, despite significant variation among regions (Table 1) . More importantly, inspection of Fig. 3 shows that the metric was similar to zero (− 0.07 ± 0.07, mean ± SE, pooling among the three regions) during the early stages of succession, but that it gradually deviated from zero as succession proceeded. It averaged − 0.40 ± 0.07 12 months post disturbance, a value that was similar to that of controls with − 0.53 ± 0.06. This indicates that disturbed communities assembling at different times of the year were initially very variable but progressively became more similar than expected by chance (compared to the null model), as succession proceeded.
Partitioning species turnover into its compositional (SER r ) and abundance (SER a ) components showed that the process of community assembly through succession was mostly the result of species replacements (mean SER r 0.64, mean SER a 0.14) (Fig. 4) . For 9 and 12 months old assemblages, however, species turnover was not only the result of species replacements (mean SER r 0.60) but there were also substantial changes in species abundances (mean SER a 0.37) (Fig. 4) . SER r and SER a varied significantly with timing of disturbance clearance and successional stage at the scale of locations but not at regional scales (see Online Resource 3 for PERMANOVA).
Discussion
Community succession has received considerable attention from ecologists in general, and marine ecologists in particular (see Jenkins and Martins 2010 for review) . In fact, the study of natural succession in marine intertidal ecosystems has contributed substantially to the development of ecological theory, such as the seminal paper of Connell and Slayter (1977) , where three alternative models of community succession (facilitation, tolerance and inhibition), and their relative roles for community structure and stability, were defined. Despite decades of research, there is still considerable controversy about whether ecological communities generally converge towards a common structure or not (Fukami et al. 2005) . In fact, even though assembly history can influence both the structure of communities and the functional properties of ecosystems, and thus is of both theoretical and applied interest, the factors determining the circumstances under which historical contingency can occur have received considerably less attention than other areas of community ecology (Fukami 2015) .
Our study showed that, as predicted, there was considerable variability in the structure of assemblages disturbed at different times of the year during early stages of community assembly. This finding concurs with the wider body of literature of intertidal communities stressing that during early stages of community assembly, timing of disturbance can have an enormous impact on assemblage structure, because of seasonality in organisms' reproductive patterns, or due to seasonality in species' growth rates in relation to temporal variation in environmental conditions (Benedetti-Cecchi and Cinelli 1993; Underwood and Chapman 2006; Jenkins and Martins 2010 . Furthermore, during these early stages of community assembly, patterns of assemblage structure did not differ from that created by random community assembly suggesting the stochastic nature of the initial stages of community assembly. This variability in the initial stages of community assembly reflected not only changes in community composition (as suggested by the Jaccard dissimilarity), probably arising as a consequence of temporal differences in the composition of species available for colonisation at the time when resources were freed, but also changes in species abundances (as suggested by the Bray-Curtis dissimilarity), potentially arising as a consequence of temporal variability in environmental conditions modifying species growth rates. β-Diversity, that is the variability in the structure of assemblages disturbed at different times of the year, tended to reduce as time since disturbance elapsed. This was evident both when considering variation in assemblage composition (Jaccard) but also species abundances (Bray-Curtis). Moreover, the signal clearly deviated from that of random community assembly as succession proceeded (Raup-Crick) . Our study thus suggests that stochastic processes likely prevailed during early stages of community assembly, but tended to become progressively less important as succession proceeded.
In the rocky intertidal, two situations have been shown to occur: one in which despite significant variability in recruitment regimes there is high ecological convergence in late-successional communities (e.g. Caro et al. 2010) , and one where priority effects lead to the development of structurally and functionally different communities (e.g. Benedetti-Cecchi 2000) . A fundamental question is thus to understand under what circumstances can priority effects determine the outcome of community assembly after a given disturbance. Fukami (2015) discussed a number of factors thought to determine the relative importance of priority effects for community assembly. These included a group of factors that influence the rate of local population dynamics (e.g. small habitat patch size, high productivity, low environmental variability and low predation pressure) relative to species immigration. The rationale here is that priority effects can only occur when local population dynamics are fast, relative to species immigrations, so that early colonisers grow rapidly in biomass or population size to pre-empt or modify niches before the arrival of later-colonisers (Fukami 2015) . In addition the properties of regional species pools (e.g. species richness, species traits) and the extent to which the species pool is decoupled from local population dynamics are proposed to be important. Fukami (2015) argues that priority effects should generally be stronger, the greater the diversity and stability of the regional species pool (see Fukami 2015 for detailed discussion of these factors).
Our study was replicated in three distinct regions differing not only in regional species pool but also in productivity. Moreover, the size of our experimentally disturbed patches was judged to be large enough to prevent the rapid monopolisation of space from the adjacent community (e.g. via lateral vegetative growth) yet small enough to ensure that it could be easily monopolised by the species first arriving to the patch (Martins et al. 2010) . Regardless, we found no evidence of strong priority effects in any of the three regions. The impact of priority effects would have been clearly identified if assemblages disturbed at different times of the year (which promoted the stochastic early stages of community assembly) had become more diverse (less similar) than expected by random community assembly. However, the reverse was true with assemblages becoming progressively more similar than expected by chance with succession. This result thus refutes the idea that priority effects had an important role in determining community structure in our study systems. Limited seasonal variation in propagule/larvae availability could have hindered the possibility of priority effects. However, 1-month old disturbed patches, taken as a reasonable proxy for species settlement and recruitment, and hence to the availability of propagules or larvae, showed significant variation in assemblage structure in terms of abundance and composition disturbed at different times of the year. Our results indicate that despite early variation in community composition, there was a remarkable determinism in community succession across all regions. Why is it then that priority effects had little influence in our study systems?
We found that the ratio of γ-to-α diversity remained equivalent over succession and that this was true at three distinct regions under contrasting environmental variability. That is, effects of succession were scale-invariant; reductions or increases in species occurred to the same extent throughout succession at smaller and larger spatial scales. In other words, species pools were not decoupled from local dynamics. This suggests that the subset of species of the regional species pool available for colonisation at any given time was not stable and that there was potentially a limited supply of immigrants that could colonise patches at any given step during community assembly, in turn, limiting the probability for the development of divergent assemblages (Fukami 2015) . Moreover, strong priority effects require that species are competitively similar. This similarity ensures (or makes possible) that the outcome of competitive interactions is sensitive to the arrival of species. However, under strong competitive hierarchy, species arrival order should have little influence since the most competitive species eventually dominate regardless of patch history (Fukami 2015) . As suggested by the partition of species turnover into its compositional and abundance components, variation in diversity along succession was mostly associated with species replacements. In other words, new species kept replacing previously 'established' species as time since disturbance increased. This and the fact that species tended to converge into a similar assemblage structure with succession lends support to the idea that competitive hierarchy was present in our study systems and hence supports the competition-colonisation model of succession, which predicts that late-successional species outcompete early successional species (Pacala and Rees 1998) . Although we cannot infer mechanisms from our observational approach, we suspect that differences in biological traits among species (e.g. reproductive output, seasonality in reproduction, growth rate) correlate with competitive ability and determine the colonisation-competition trade-off through succession (Jenkins and Martins 2010) . This is supported by the work of Viejo et al. (2008) in the NE Atlantic, who showed that different mechanisms (both inhibitory and facilitative) operate throughout succession and that competition among species with different traits is important. For instance, even though during early stages of colonisation early successional species (ephemeral green algae) were able to delay the colonisation of late-successional species (canopy algae) the latter eventually dominated at the end of the experiment. This, in turn, inhibited the establishment of some species, whilst facilitating the establishment of others (Viejo et al. 2008) .
It is possible that our experimental design may have hampered our ability to detect priority effects. Disturbance scale may have an important influence on the establishment of divergent assemblages. Disturbance of larger areas could be more likely to remove those species involved in positive feedbacks, which maintain community state. Loss of such species may allow the arrival and establishment of species of potentially alternative assemblages (e.g. Petraitis and Latham 1999) . Specifically, showed that in the Gulf of Maine, divergence in the structure of intertidal assemblages was unlikely in disturbed patches smaller than 2 m 2 . In one of our study systems (Azores), Martins et al. (2010) found little effect on the outcome of succession among disturbed patches of differing size, the largest of which was at least three times larger than the ones used here. It is possible that even these were still not large enough. However, in ecosystems with narrow tidal ranges (our insular systems), a disturbance larger than 2 m 2 would effectively include the removal of all species from the lowest intertidal level up to the littorinid zone, high up on the shore. Such a disturbed area would encompass a range of environmental conditions (as a function of shore height) and blur the interpretation of any outcome compared to that of smaller patches. Moreover, this would confound the comparison between the continental (macrotidal) and insular (microtidal) ecosystems. The fact that structure of early successional assemblages assembling at distinct times of the year was very variable suggests that, at least, our plot size did not limit the colonisation of species that might lead to alternative assemblages. Chase and Myers (2011) also highlighted that changes in the size of the regional species pool (γ-diversity) can lead to changes in β-diversity, as long as α-diversity does not change at the same rate as γ-diversity. In our approach, we estimated β-diversity separately for each location and successional age. This could, in theory, impair the comparisons among regions and even among successional stages. However, the fact that changes in γ-and α-diversity remained unchanged through succession and were similar among regions (see Fig. 2 ), suggests this was not a confounding factor in our estimates of β-diversity.
In summary, we found evidence that, in diverse rocky shore ecosystems and over large spatial scales, differences in the identities and abundances of species that are available to colonise disturbed patches at any given time, although relatively important during early stages of community assembly, had little to no effect on the long-term structure of intertidal assemblages. Furthermore, we found little support for strong priority effects despite changes in species pools, productivity and environmental conditions among the three regions. Instead, there was strong determinism in the process of community assembly suggesting that environmental filtering or strong interactions among a subset of species can shape assemblages into a relatively convergent structure.
